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Diagnosing Treponema pallidum in Secondary
Syphilis by PCR and Immunohistochemistry
Marc Buffet1,2, Philippe A. Grange1, Philippe Gerhardt2, Agne`s Carlotti3, Vincent Calvez4, Anne Bianchi5 and
Nicolas Dupin1,2
Epidemiological aspects of syphilis in Western countries have undergone a significant change with respect to
the number of cases. Detection of Treponema pallidum is difficult, and the correct diagnosis of secondary
syphilis can be critical. In this study, biopsy samples from skin lesions of 12 patients with secondary syphilis
were used. Diagnosis of syphilis was based on clinical presentation, dark-field microscope analysis, and
serological tests. Using a polyclonal antibody directed against T. pallidum, we show the presence of T. pallidum
in 90% of the samples studied with the bacteria located in the epidermis and the upper dermis. The T. pallidum
47-kDa surface protein gene could be amplified by PCR in 75% of the skin lesions. When combining both
techniques, T. pallidum was detected in 92% of the samples from patients with secondary syphilis but not in the
control samples. Our work suggests that both immunohistochemistry and PCR could be useful for the
diagnosis of secondary syphilis and may be helpful in some rare cases when serological assays failed to detect
T. pallidum antibodies.
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INTRODUCTION
Syphilis is a multistage sexually transmitted disease that
continues to be a public health problem, with an estimated
12 million new cases per year worldwide (Gerbase et al.,
1998). In many developing countries, as much as 10% of the
population may be infected (Rompalo, 2001). Syphilis has
three main stages: primary, secondary, and tertiary, and
primary syphilis will develop into secondary syphilis in about
one-third of untreated individuals.
Syphilis is caused by an infection of Treponema pallidum
subsp. pallidum (T. pallidum), which cannot be cultivated in
vitro. The pathogen is usually identified by dark-field
microscopic examination of mucosal or skin lesions and by
serology. Classical serology is based on a combination of
nontreponemal (rapid plasma reagin or Venereal Disease
Research Laboratory) and treponemal tests (T. pallidum
hemagglutination assay or T. pallidum particle agglutination)
and has proven to be useful for confirmation of the diagnosis
of syphilis and for the follow-up of the treatment efficacy.
However, these tests could be negative in early stage of
syphilis (primary syphilis), and both serological tests and
microscopic examinations are limited by low degrees of
sensitivity and specificity (Jethwa et al., 1995). The use of
direct fluorescent anti-T. pallidum antibodies has improved
detection of T. pallidum (Romanowski et al., 1987; Ito et al.,
1992), showing a sensitivity comparable to that in dark-field
examination (Hook et al., 1985). Also, PCRs have been
developed to detect T. pallidum in serum, cerebrospinal
fluid, amniotic fluid, lesion exudate, and fixed tissues
(Burstain et al., 1991; Grimprel et al., 1991; Noordhoek
et al., 1991; Orle et al., 1996).
Spirochetes are typically detected by the silver stain
technique. This staining technique is characterized by marked
background artifacts and a variable detection rate ranging from
33 to 71% (Jeerapaet and Ackerman, 1975; Engelkens et al.,
1993). Moreover, although silver stain can detect spirochetes,
it is not specific to T. pallidum, and it may be difficult to detect
lesions in nontreponemal spirochete contaminated areas (i.e.,
oral mucosa). However, immunohistochemistry directed
against T. pallidum improved both the sensitivity and
specificity (Lee et al., 1991; Hoang et al., 2004).
Diagnosis of secondary syphilis is sometimes critical due
to the various clinical forms of the disease. Moreover, false-
negative serology has been reported in the setting of HIV
infection. Confirmation of the diagnosis can be made by
detection of T. pallidum in skin lesions using either
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immunohistochemistry or PCR techniques, whichever is the
more appropriate treatment (Fowler et al., 2001; Kingston
et al., 2005).
In this study, we specifically detected the presence of
T. pallidum in macular or maculo papular skin lesions from
patients with secondary syphilis by using both PCR of the
tp47 gene and by immunohistochemistry (IHC) with a
polyclonal antibody anti-T. pallidum.
RESULTS
IHC T. pallidum detection and localization in skin biopsies
The specimens were analyzed by traditional dark-field
microscopic observation and by IHC as shown in Tables 1
and 2 and illustrated in Figures 1 and 2. T. pallidum was
detected in 11 of 12 cases from samples of patients with
secondary syphilis and was negative in the control samples.
Three samples (nos. 7, 13, and 71) were positive with IHC but
negative with dark-field microscopic observation, whereas
one sample (no. 22) was positive on dark-field examination
but negative with IHC. We have shown that T. pallidum is
predominantly found in the epidermis and in the superficial
to medium dermis areas. In the epidermis, the quantity of
T. pallidum varied with only a few bacteria (Figure 1a),
a moderate number (Figure 1b) and a large number (Figure
1c) in the basal layer, and rare spirochetes in the superficial
epidermis. In the dermis, T. pallidum was found to be present
in the perivascular area in the superficial dermis (Figure 2a)
and more interestingly inside a capillary vessel localized in
the medium dermis (Figure 2b). Also, T. pallidum was
detected in the medium dermis surrounding the pilary
infundibulum (Figure 2c) and in the arector pili muscles in
the deep dermis where an important inflammatory response
was in place (Figure 2d).
PCR T. pallidum detection in skin biopsies
First, to determine the sensitivity of our PCR assay for the
detection of T. pallidum, we used total DNA extracted from
rabbit testis inoculated with T. pallidum spp. Several
quantities of DNA, ranging from 0.01 to 200 ng, in the PCR
were used. We found that the lower limit of detection was at
1 ng and that the highest intensity of detection was at 100 ng
of total DNA in the test (not shown). Therefore, a quantity of
100 ng of total DNA was used in all PCR assays. The
specificity of the amplification product was confirmed by
both Southern blotting with an internal probe specific to tp47
and by DNA sequencing analysis. The expected tp47
sequence was confirmed for all samples tested.
PCR analysis was made on 12 skin biopsy samples, and
the detection of tp47 gene was positive in 9 of 12 samples
(75%) (Table 2; Figure 3a, panel I, lanes 5–9), whereas the
tp47 detection was negative in the control specimen (Table 2;
Figure 3a, panel I, lane 4). To verify the quality of the DNA
Table 1. Patient characteristics
Virology Serology
No. of samples1 Sex Age HIV status2 TPHA titer3 VDRL titer4
1 M 31  1:5,120 1:32
7 M 34 + 1:10,240 1:32
13 M 37  1:10,240 1:32
22 M 40  1:10,240 1:64
27 M 36 + 1:12,80 1:64
39 M 33 + 1:2,560 1:16
40 F 19  1:640 1:8
43 M 40 + 1:20,480 1:256
47 M 42 + 1:10,240 1:256
67 M 39  1:10,240 1:16
71 M 32  1:2,560 1:32
72 M 30 + 1:20,480 1:128
Abbreviations: F, female; M, male; TPHA, T. pallidum hemagglutination
assay; VDRL, Venereal Disease Research Laboratory.
1Twelve skin biopsy samples from patients with secondary syphilis were
collected as described in Materials and Methods.
2Determination of HIV antibodies was made on serum as described in
Materials and Methods.
3Determination of VDRL and TPHA titers were made on serum as
described in Materials and Methods.
4Determination of VDRL and TPHA titers were made on serum as
described in Materials and Methods.
Table 2. Comparison of T. pallidum detection using
IHC and PCR analysis in skin biopsy samples
T. pallidum detection
No. of samples1 Secondary syphilis2 Dark-field3 PCR4 IHC5
1 Yes + + +
7 Yes  + +
13 Yes  + +
22 Yes +  
27 Yes + + +
39 Yes ND  +
40 Yes ND + +
43 Yes + + +
47 Yes + + +
67 Yes + + +
71 Yes  + +
72 Yes +  +
IHC, immunohistochemistry; ND, not detected.
1Skin biopsy samples from 12 patients. Two biopsies were made in
parallel, one was formalin-fixed and paraffin-embedded for IHC analysis,
the second was immediately frozen until PCR analysis.
2Syphilis diagnosis was established after clinical, serological, and dark-
field microscopic observations.
3Spirochetes were visualized by dark-field microscope from ulceration
swab as described in Materials and Methods. Positive detection (+), no
detection ().
4tp47 gene detection by PCR as described in Materials and Methods. A
representative amplification pattern is presented in Figure 3.
5Bacteria were detected by using polyclonal antibody directed against
T. pallidum in parraffin-embedded biopsy samples by IHC technique as
described in Materials and Methods. A representative recognition pattern
of T. pallidum is presented in Figures 1 and 2.
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preparation, alb gene was detected in parallel and was found
to be positive in samples presenting a negative result for the
tp47 detection (sample nos. 39 and 72) (illustrated in Figure
3c, lane 4). Moreover, when comparing the PCR detection
versus the dark-field microscope analysis, we have shown a
correlation at 80 and 70%, respectively.
Comparison of T. pallidum-specific detection by molecular
and IHC techniques
Thirteen skin samples were analyzed by both techniques
(Table 2) and revealed the presence of T. pallidum in 11 of 12
samples (92%) from patients diagnosed with secondary
syphilis. Comparisons between IHC and dark-field micro-
scope analysis have shown a correlation at 80 and 70%,
respectively. Moreover, when we combined the PCR with the
IHC results with those obtained with dark-field microscope
we were able to detect T. pallidum in 90 versus 70%,
respectively. One sample (no. 22) was positive by dark-field
microscopic analysis, whereas it was negative with both PCR
and IHC detection techniques.
DISCUSSION
Our study compared IHC and PCR techniques for the specific
detection of T. pallidum in skin lesions of patients with
secondary syphilis. To our knowledge, this is the first report
comparing both analysis techniques applied on the same
sample lesions. We found a sensitivity of 91% in IHC and
75% in PCR. Our results are in agreement with previous
reports showing a sensitivity ranging from 74 to 94% for IHC
analysis (Lee et al., 1991; Hoang et al., 2004) and 42 to 100%
for PCR (Wenhai et al., 2004, Kouznetsov et al., 2005), where
lowest values were obtained from formalin-fixed and
paraffin-embedded biopsies. It is interesting to note that our
tissues were immediately frozen before analysis allowing a
better conservation of intact DNA, which could explain a
better sensitivity. Furthermore, samples exhibiting negative
detection of T. pallidum under microscopic observation were
found to be positive with IHC or PCR, suggesting that both
techniques are not only more specific but also more sensitive.
Using IHC technique improves the sensitivity and allows
us to localize precisely T. pallidum in the lesion. T. pallidum
appears to be mainly located in the epidermis and in the
upper dermis areas. These data are in accordance with recent
studies describing the specific immunohistochemical detec-
tion of T. pallidum in the dermo-epidermal area (Hoang et al.,
2004). However, it has also been shown that T. pallidum was
found in the dermal–epidermal junction area (Engelkens
et al., 1993). It should be noted that these observations were
made by using the nonspecific silver-stained detection
method, often characterized by its difficulty to detect
spirochetes due to marked background staining. To date,
there is no explanation for the epidermal and upper dermal
location of T. pallidum where it should be eliminated by the
immune system. It was shown that secondary-stage lesions
were characterized by an increased number of T-suppressor
lymphocytes acting in favor of a natural immune response
shutdown and contributing to the persistence of T. pallidum
in these lesions (Engelkens et al., 1993).
a b 
dc
Figure 1. Epidermal detection of T. pallidum. Four-micrometer-thick sections
of skin biopsy samples were cut from a paraffin block and incubated with the
polyclonal antibody anti-T. pallidum as described in Materials and Methods.
Several bacteria ranging from (a) low, (b) moderate, and (c) high were
detected in the samples. (d) Negative control obtained from skin biopsy
sample from syphilis-negative patient. a, epidermis; b, superficial dermis; c,
deep dermis. Arrows indicate the location of bacteria (original magnification
40).
a b
dc
Figure 2. Dermal detection of T. pallidum. Four-micrometer-thick sections of
skin biopsy samples were cut from a paraffin block and incubated with the
polyclonal antibody anti-T. pallidum as described in Materials and Methods.
T. pallidum was detected in (a) the perivascular area (original magnification
40); in (b) a blood vessel (original magnification  100; in (c) the pilary
infundibulum (original magnification  100); and in (d) the arrector pili
muscle (original magnification  40). a, epidermis; b, superficial dermis; ec,
epithelial cell; vl, vascular lumen; ip, pilary infundibulum. Arrows indicate
the location of bacteria.
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We detected T. pallidum in the perivascular and vascular
areas, which is in accordance with the detection of
T. pallidum at all stages of syphilis in rabbit testicular-
infected tissues where T. pallidum localizes to perivascular
and vascular areas (Lukehart et al., 1980). Indeed, T.
pallidum is capable of attaching to vascular endothelium,
passing through the endothelial cell monolayer by moving
between the junctions of cells (Fitzgerald et al., 1975;
Thomas et al., 1988). The prevalence of T. pallidum in the
ulceration of the skin suggests a high capability for these
bacteria to move all around the organism through the
vascular system and then disseminate. Additionally, it has
been shown that T. pallidum was localized on laminin-
containing cutaneous nerves (Sell and Salman, 1992), where
the extracellular matrix component laminin is recognized by
the T. pallidum adhesin Tp0751 (Cameron et al., 2005).
IHC, using polyclonal or monoclonal antibodies, has a
good sensitivity, but false positives are described for other
spirochetal infection and borreliosis. It is clear that clinical
and epidemiological features of borreliosis infection are
somewhat different, but results could be misinterpreted. In
our study, three skin biopsies from patients with Lyme disease
presenting as an erythema chronicum migrans were tested
and were found to be negative, confirming the specificity of
the IHC we used for our experiments. To overcome the
specificity of the detection, immunohistological analysis,
using anti-T. pallidum antibodies, was used to detect
T. pallidum and has shown a sensitivity of 71% (Hoang
et al., 2004). Also, molecular methods such as PCR
amplification have been used to detect specific T. pallidum
genes with various sensitivities (Wenhai et al., 2004;
Kouznetsov et al., 2005). The PCR detection method appears
to be more specific. By using thetp47 hybridization probe, we
verified that the amplification products were specific to the
tp47 gene. Also, it was shown that tp47 has no homology
with other bacterial or eucaryotal proteins (Deka et al., 2002)
bp
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Figure 3. Detection of T. pallidum tp47 gene by PCR in human skin representative samples. PCR products were separated by 1% agarose gel and detected
under UV in the presence of Bet. (a) tp47 amplification using KO3A and KO4 primers and (c) human albumin amplification products. (b) Southern blot with the
internal KO17 probe as described in Materials and Methods. Lane 1: molecular mass standards. Lane 2: DNA from rabbit testis inoculated with T. pallidum
Nichols strand used as positive control. Lane 3: negative control, distilled water only. Lane 4: sample from nonsyphilitic patient. Lanes 5–9: samples from
syphilitic patient. PCR amplification product sequencing. (d) Comparison between consensus sequence of tp47 (GenBank accession no. AAC65545) and
sequences obtained after PCR amplification. (e and f) Electrophoregrams obtained with KO3A and KO4 primers, respectively.
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and appears to be highly specific to T. pallidum from other
saprophyte spirochetes, to B. burgdoferi, and to microorgan-
isms commonly found in genital pathologies (Burstain et al.,
1991; Chung et al., 1994; Jethwa et al., 1995; Orle et al.,
1996).
Epidemiological aspects of syphilis in France have under-
gone significant changes over the past 5 years with a
significant change in the number of cases, mainly in the
male homosexual population (Couturier et al., 2004; Dupin
and Couturier, 2004). In some cases of secondary syphilis, the
clinical signature of T. pallidum contamination appears to be
very difficult to understand, and the correct diagnosis of
secondary syphilis is somewhat critical. Therefore, there is a
need to improve the specific detection of T. pallidum in skin
biopsy samples. To date, the diagnosis of syphilis is based on
clinical examination, direct detection of T. pallidum by a
nonspecific dark-field microscopic observation that also
needs a very well-trained staff, and by serological tests that
are very sensitive but are not specific to T. pallidum. If the
‘‘gold-standard’’ detection of T. pallidum is still the rabbit
infectivity test, which is often impractical and frequently
unavailable and often requires several weeks to yield results,
it appears to be useless for routine laboratory practice.
Our study compared IHC and PCR techniques for the
specific detection of T. pallidum in skin lesions of patients
with secondary syphilis. To our knowledge, this is the first
report comparing both analysis techniques applied to the
same sample lesions. We showed the presence of T. pallidum
in 92% of cases, demonstrating a good sensitivity when both
techniques were combined. The use of these new tools for the
diagnosis of syphilis in some situations deserves to be
explored by prospective studies on a large number of
patients.
MATERIALS AND METHODS
Patients
After giving their informed consent, 12 consecutive patients
diagnosed with secondary syphilis based on clinical presentation
and serology, consulting at our Sexually Transmitted Disease Center,
were included in the study according to the declaration of Helsinki
Principles (Table 1). Twenty-four control patients who were negative
for syphilis blood tests but presenting with eczema (one case),
alopecia (one case), Lyme disease (three cases), lichen planus (three
cases), cutaneous lymphoma (one case), sarcoidosis (one case),
Kaposi’s sarcoma (seven cases), psoriasis (four cases), morphea (two
cases), or hypodermitis (one case) were tested in parallel.
Materials
Skin biopsies were obtained from skin lesions and split into two
parts. One part was snap-frozen and conserved at 801C until PCR
analysis, and the other part was formalin-fixed and paraffin-
embedded for IHC analysis.
Dark-field analysis
The presence of T. pallidum was examined by dark-field micro-
scopic observation at  900 original magnification and detection of
at least one typical motile organism by several experienced
observers was necessary to establish positivity of the test result.
Skin biopsy DNA extraction
DNA extraction was performed using the QIAamp DNA mini kit
(Qiagen SA, Courtaboeuf, France) using the tissue spin protocol in
the manufacturer’s instructions.
T. pallidum-positive control DNA extraction
Total DNA from rabbit testis inoculated with T. pallidum (Nichols
strain) was extracted by phenol–chloroform and precipitated by salts
and ethanol. DNA quantification was done by reading the
absorbance at 260 and 280 nm.
PCR primers
The oligonucleotide primers (KO3A and KO4, synthetized and
purified by MGV-Biotech, Courtaboeuf, France) were used to
amplify a 260 bp fragment of the gene encoding the 47-kDa integral
membrane lipoprotein of T. pallidum; sense KO3A (50-GAAGTTT
GTCCCAGTTGCGGTT-30) and anti-sense KO4 (50-CAGAGCCATCA
GCCCTTTTA-30) as described previously (Orle et al., 1996), and a
150 bp fragment of the human albumin gene to control the presence
of extracted DNA in all samples tested; sense ALB1 (50-GCTGTCATC
TCTTGTGGGGTGT-30) and antisense ALB2 (50-AAACTCATGGGAG
CTGCTGGTT-30).
PCR amplification
PCR reaction was realized by using PCR SuperMix (Invitrogen,
Carlsbad, CA) with an average of 165 ng of template DNA on a Gen
Amp PCR system 9700 apparatus (Perkin Elmer, Foster City, CA) in
temperatures and cycle conditions described previously (Orle et al.,
1996) for tp47 amplification and at 941C for 3 minutes, 45 cycles at
941C for 1 minute, at 551C for 1 minute; and at 721C for 2 minutes;
ending at 721C for 10 minutes for alb.-negative and -positive controls
run in parallel.
Electrophoretic analysis
PCR amplification products were separated into a 1% agarose gel
containing 0.01%. ethidium bromide. Molecular weight markers
(50-bp ladder, Invitrogen, Carlsbad, CA) were run in parallel in each
gel. Oligonucleotide bands were visualized under UV and recorded.
Southern blotting
Southern blotting was performed on PCR products with the
KO17, 50-biotinylated-dUTP (MGV-Biotech) probe (1 mg/ml)
for 18 hours at 451C of tp47 gene between the 659 and 684
basis (KO17, 50-biotinyl-CGGGCTCTCCATGCTGCTTACCT
TA-30) (Orle et al., 1996). After washing, detection of bound
biotinylated probe was realized in the presence of a
streptavidin–peroxidase complex (0.5 mg/ml) and revealed
by using 3,30-diaminobenzidine in the presence of CoCl2 and
H2O2 (Harlow and Lane, 1988).
DNA sequencing
The PCR fragment was purified on a filtration membrane
Microcon YM-100 (Millipore, S.A.S., Molsheim, France) and
amplification was performed on a Thermocycler GenAmp
PCR system 9700 set at 961C for 10 seconds, at 501C for
10 seconds, and at 601C for 4 minutes under 25 cycles in the
presence of KO3A and KO4 probes mixed with the BigDye
reagent. Amplified products were then separated into a
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high-resolution polyacrylamide gel performed on an ABI
3100 genetic analyzer system (Applied-Biosystems, Foster
City, CA). Results were analyzed using the Sequence
Navigator software.
IHC
Thick sections (4mm) were cut from paraffin-embedded skin
biopsies of patients with documented secondary syphilis.
Detection of T. pallidum was performed by using the
avidin–biotin peroxidase complex technique (kit DAKO
5001), after a heat-induced epitope retrieval and primary
polyclonal antibodies against T. pallidum (BioCare Medical,
Concord, CA) diluted at 1:100 in DAKO France S.A.S.,
(Trappes, France) S 2022 diluent. Results were blindly
analyzed by two pathologists using an optical microscope
(original magnifications 40 and 100), and the presence
or absence of T. pallidum bacteria was monitored, by a
semiquantitative method, in epidermal, superficial, and deep
dermal layers.
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